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x. £iblb of mjmmm 
The proaant invention rolatos to mutations of the 
m*btil£»in gana whioh s?esuXt in changes in the cheaio&l 
characteristics of suhtiliain ®mm®* mtztlom at specific 
g nucleic acids of the sufetiiisin gene result in amino acid 
auhstltutiena and oonsesjaently, altered enzyme function, 
Soisa oi thsse mutant eniyffie« aKhihit physical gropertisa 
advantageous to industrial -application*, particularly in the 
detergent industry, providing aubtilisin which is mm 
stable to oxidation t®mmmm greater protease activity, 
and exhibit* improved vashafeiiity. 



Bnaymse cleaving the amide Xink&gaa in protein 
substrates at* olaseified as proteases > or (interchangeably) 
peptid&i*8 {See Walsh* i97$ 4 Bnayeatic faction Kachanisma. 
W.E, freshen and Coatpaay, tan Freaeiece, Chapter 3) , 
Bacteria of the Bacillus speciss aserata two axtraeaXiuXar 
species of protease, a neutral, or eetalloproteaee, and an 
alkaline protease which is functionally a serine 
endopaptidasa, referred to m eubtilissin* isoretion of 
these protsaees haa bean linked to the fc&otsrial growth 
^ cycle, with greatest escpres&ion of protease during tha , 
stationary phase, when sporulatlon also ©scura* tfoliffe at 
al, {1980, ff« Bacterial 143. 1 1199-13 Ofi) has suggastad that 
Bacillus proteases function in cell wall turnover. 

m SUBTXfcXBIK 

& serine protease is m enayna which catalyses tha 
hydrolysis of peptide Sonde, in which there is an essential 
serine residua at the actios site (White, Handler, and 
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Smith, 1973 «»rincipl«* of Birafcastistry," Fifth Edition, 
McGraw-Hill Book Company, m f pp> m~272)* 

She serine g&otaaaee have w&teular weight a in fcha 
SS f OO0 to 3O,-0§O »f», They are inhibited by dHsopropyl- 
5 fXuorophoaphate, but in ooatraa* to Matalloprotaaaags, are 
raaistont to ai*yian«aia^»*-tetra aoetio acid (iism) 
(although they are stabilised at high taBparatiiraa by 
calcium ion) * fhey hydrolyge simple terminal eattfrs and are 
similar in activity ta mkaryotle cfhy^fcrypaia, al«o a 

^ serine proteasa. The alternative term* alkaline protaaaa, 
reflects the high pH optimum of the serina fseofcaases, frcaa 
pH t*8 to xi*e (for reviav, $«i *ri«*t, mil, 
mmm&®lp$lm% ^«v* 4Xs?xx~?$3| > 

A subtil iBln 1* & serine protae&s produced by Gr&m« 

^ positive bacteria or fungi* & viae variety of subtilising 
Have been identified, and the aaiao acid a*t$«an©ea of »t 
Xeasst alght suhtilisins have been talMli S&ese include 
six subtilising from Baeillus strains, namaly, *ubtiii8in 
168* asu&tilisia S3FK', subtilisin Cfcriafcarg, aubtiliain 
subtilisin amylcsaceharit-iouaj. and msanterieop«pt4daae 

20 (Kurihara at aX., isn, cr. Biol. Cham. *|7j$«38-5«31j Stahl 
m$ Farrari* l9U t 0\ Bacterid, ISSt 4XX~4X3? vaaaatha at 
el*, 1984, J * Baotariol* imi%%i~$w f Jacobs it«L ? x§ss, 
McX, Adda Res, X£s«n3«$92«; iedkov at al«, ISIS, Biol* 
«h«m* Boppe-Saylar 3f$s 421-430? Bvandsen at al., FEB 3 

m Lett 196:228-232), and two funfai gubfcilisiae, subtilisin 
thermitasa from Thermcact^nywoea vulgaris (MaXeun &t ai., 
X§8S f FIBS* I*tt. XSSsl&S-SOQ) and pretairiasa 1 from 
fritirachium alto (Sany and Hayar, 1§SS., Biol, chats, 
»J ;r 36€s584-«3). 

subfciliaina are well-oharaoteriaod physically and 
chemically, in addition to JsnowXedge of the primary 
etructnra C&mine acid isgosnsc} of these enzymes, over SO 



3S 



high resolution x»rav smmmrm m subtil isin hava been 
daterained which delineate the binding of substrate, 
transition atate, products, three different protsasa 
inhibitory and define the structural eonaaguenoea for 
natural variation (Kraut* 1977, Ann* Pev* Biochas, 4§* 33i ~ 
358), Random and site«dlrecfcad sautatione of ths «abti3Li»in 
gana have both arisen fires* knowledge of the physical and 
chemical properties of tha *i»y»e and contributed 
information relating -t» catalytic activity, 

substrata specif ioity* tertiary structure, etc, (Walls et 

MM, »roo, *»«£. Soi. M» ia»«M0a* 

Wells «t ai, ? ISM* Phil* tfranau R. See* Land » A* 317i4iS» 
423 1 Hwang and *arah*l, Itt?, Biechea, $&m**-%m * »*« •* 
at*, 1M7> »»tttr* Mii581-8S4). 

Subtliisins have found much utility in industry* 
particularly detergent formulations* m they are useful for 
removing proteinaeaous stains* $o be affective, howevar, 
these enssymas *ms« net only possess activity under washing 
conditions, but »ti»t also ha compatible with other datargant 
components during storage* For example , eubtlXisin &ay ba 
used in combination with amylases* which are active against 
starches? ealXulaaas which will digest ©aiiuXosio materials? 
lipmrn, which are active against fat*? peptidases* which 

25 arc active on psptidea* and ureases* which ars affective 
againat urine stains. Mot only must fens formulation protest 
othsr snsymaa from digestion by «ubtili«in, but subtil is In 
must ba stable with respect t© the oxidising power* calcium 
binding properties* datargeney and high pH of nonenstymatic 

30 detergent covenants, Th® ability of the ensyae to remain 
stable in their presence is often referred to m its washing 
ability or wa*habili*y. 
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invention relator to testations of tha 
subtiliaift ?«ne, acme of which result in eh&mgaa in tfca 
chamical characteristics of s«tetili«in en«ya*« Mutations 
are ereafc«4 at ^pacific nucleic acids of fcfe* subfciliain 
in m 

alt: 

not limited to, increased stability to oxidation, 
proteolytic ability, and improved msihaMlitv, 

ft&ft present iswentlon also r*la**», but ift net limited 
to tha amino acid and rm 8fc<*?3.an«ss for two ssr^t******* 
derived from Baetilug lentil variants? aubtiliain 147 antf 
auhtilisin SOf, as vail as mutations of th«M ?»r«s and tna 
oorra&nending mutant ansyssft** 

Sitwt-diracstad mutation can of £io4antiy nroduoa »utant 
oubtilisin en«ya*a which can be tailored to suit a ialtilads 
of industrial applications particularly in tha areas Of 
dstergant and food tacnnolow* The j?r*««nt indention 
Mates, M part, but i* not limited to, mutants of the 
aufetiXiain 309 game wMofe axhiMt improved stability to 
protease activity, and/or improved 
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4. Mg^^^?l^..JQHl...Il.ffgigl 
Figure X illustrate th* insertion of a aofeset of 
fragmanta, ranging from i.3*fc to in length, P^aM 

3by partial digestion of SaoiXlus Xentus strain m Wk with 

3& restriction endonuolfcaas,, into B|m HI out pla&mid 
pSxSO. <£ha two rsimXting plaamida, pm$$ and psx88, con- 
taining *&• subtiXisin SOS gsn& in ©ppoeita orientations , 
ate also shovn* 

a0 Fignra 2 illustrates th® insertion of Bacillus Xsnfcus 

strain 14? m& fragments into plaamid psxs«« Partial 
digestion of strain 14? MA v&ft performad airing Sau Zk 
restriction andonncleasa* fragments ranging in sim froa 
1,5 to 6,5 ko war® then Xigatsd into Baa HI olsavsd placid 

Sg p$X*>6, Tha product, psm4, contains the sufetiXisin 147 
gens* 

Figure 3 ilXtistrat&a gapped duplex Mutagenesis* using 
the method of Morinaga »fc al » , £lst4, Siet«ch»©legy 2j 63 e* 
639)* It features two plas»id«, pSXt3 and pSX119, both 
30 derived from puCX3» pS^93 contains an Xba^-HindXXI fragment 
of the subtilisin 309 gens, and psxxxs uontaine th* 
raoainaer of the aubtiliaia 3<« gene in an Seoll-igsaX 
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£rag»sjvfc. In (h) , plasnid pSX93 is Ql«av*d with Xfeal and 
jgJ&X, and the gapped moX*c»l«a as*, sstad vitfc pS3£93 out with 
Seal, denatured, and allowed to r«a3m«$i sga as to generate 
plaamida with a region of single-stranded mk extending 
g within the aishtiXieln 389 coding sa<fuanea* A synthatle 
oligonucleotide, homolegeue to the subtilisin 3 OS gene hut 
containing a mutation* is allowed to anneal to the single 
stranded gap, which i« than fillad in using the Klenew 
fragment of DM polywaraw I and W DM ligase, tJpsn 
replication of the piasmidv, deuhie-atrandsd autants of the 
jsubtiliain 309 gene are generated* The s&tsa procedure Is 
performed in (B) , using plasrdd paxil* and SooKX And XhaX 
anssya**, to errata mutations in tha corresponding region of 
the subtil isin 30t gone* 

figure 4 illustrates plaamid pSXM, which is a dariv* 
mim of pXasmid psxea, hearing the subtilisin 301 fens, 
Mutated fragments feX - ^aXjfinaiXX, or Ego 

iMkl), «scoissd fro® mutation plasmid pSXSS or pSXUft £ess 
figure 3) using the appropriate restriction en&onucla&ass* 
were inserted into plaamid for expression IsJ 

20 8* aubtilis strain 4S7. 

Figure s illustrate* plasmid psxi43 f which eoata ins 
truncated form of both sufetilieln 30§ ana aubtiliain 14? 
ganes* in vivo recombination between homologous ragioaa of 

^ the two genes can result in active protsass, 

fha invention relates to mutations of tha subtili$in 
gsns> soma of which result in changes in the ehamie&l 
characteristics of suhtilisin enss^a, nutations at specific 
30 nucleic acids Bay ha generated, and thus, foras of 
suhtiliain can fee designed so as to meat the needs of 
industrial application* 
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Sha invention is haaod, in part, upon fchs diseovery 
that sautationa of specific nuolaio fteitfs is the subtil is in 
tana can result in anxymas with altarad propartioo. In 
various embodiments, ensy&aa with improved stability to 
oxidation, augnontad protaaaa activity? or improved washing 
ability asm fe# ganorated* 

For purposo* of clarity in description, and not by way 
of limitation , the invention will be dascribod in four 
parts r fa) tho chemical structure of known subtiliaine and 
oubtiliain 147 and 30$? m mat&ods for producing mutations 
in the aubtiiisin fans* <o) •jepr««»io» of mutants of 
subtiliain and (d) screening of subtil iain mutants for 
daairable ch«micai proportion 



18 |jD^MSgiLisi?i, M ML.MOM 

Saquenco analysis of subtiiisin from various sources 
oan rava&X tha functional significance of the primary amino 
acid saspemoo, and can direct the creation of now mutants 
with deliberately modified fnnetiene* Comparing tha amino 

20 neid sequonco of different forma of subtilisin* while con- 
trasting their physical, or chemical properties, may reveal 
apocific target ragione which are likely to produoa useful 
mutant enaymse. 

The amino acid mq&m$m of at ioast «iqht subtilising 

2S are known. Thasa include sis; aubtiiiaina from Bacillus 
strains, namaly, subtiliain 168, auhtilissin BPK', aubtiliain 
Carlobarg* aubtiliain m? aubtiliain amylosacch&ritieus and 
aesenticopoptidaoe (Kurihara at al», 1&72, J, Biol, Cham. 
247iSS2S~5S3X; stahl and Ferrari, »M, J. Bacterid* 

3® 158*4X1-418 i Vasantha at al,, 1114, J, Sactoriol. 1H?811« 
819? Jacobs at al., l»*5, »ocX. &cids Res* as* 8913-8926; 
SadXov at al., ISM, Biol* Chasu Hoppa-SayXor 3££: 421-430* 
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$V<UWS»*lS at *1SBS S*tt. 136* 258 -232 h and two 

fungal subtiiiaina, aubtiliisin tharmitaaa » 
Th*r?&oactiayjayc«« vulgaris (Meleun at si., l§as, fees i*tt. 
XS3 lit , and proteinase X from Trltiraohiaas alto 
limber (Jany and Hayar, 19$*, Biol, Cham* goppe«s?eyl®r 
366t485~4$2) , 

in connection with tMe invention the anino acid and 

for t«e further eerina proteases art revealed* 
. darived from tm Bacillus Xentua 
309 , *hi<& have neen deposited with hcis 
aeoasaion »ro»* KcacB iou? and kcib 10300, 
respectively* for convenience the protaasea producad fey 
these etraina are designated enhtiHsin H7 aubtiliain 
zm t respectively? and the genaa encoding theae protein® are 
mmsm^. ;«o as the aubtiUain 147 and 30* genes* 

Jti used in thia invention the term *subtiii»Itt mate- 
rial" refers to a preteinacaoua material which contains a 
eubtilisin aa its motive ing radiant, fts used herein ., and 
undox the definition of subtil is in material* any serine 
protease is % subtiXIeln which has at least 30%, preferably 
30% ■, and ©ore preferably so% amino aoid sequence homology 
with the sciences referenced above for subtilisin 147? 
euhtilisin 300, euhtiliein X«S, suntiiisin bpk', subtil isin 
esrlsharg, sufetiiisin m f subtilisin amylosaoeharibiece? 

se* proteinase I and 
serine proteases era also dasorihad 
herein as "homologous serine, proteases 8 * 

Tafale X compares the deduced ardne &eid sequences of 
snbtllisin 302? aubtiliain 147, subtilisin vsn* f suhtiXisim 
Carlsberg and subtillsis* 168 {Spiziaen, et aX.< 1958, Pros, 
Natl, Acad. Sci. 0.8, A. 44jl073»10?a) , £abla II 
the nuoleio aoid sequence of the mmmiUin $00 gene, 
Table 1X2 presents the nucleic aoid sequence of the 
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subtil is in 147 gene. The saquanc^s of subtil is in 309 or 
147, or tfcair functional *qpiv*$*afcs, : can b« «s*d in 
accordance with t&tt invention. For example, the a®mianca§ 
of suhtiliein 3S$ or 147 depicted in Tables I, XX or III can 
g bfs altered toy substitutions, additions or deletions that 
provide for functionally equivalent ssolaculae* For axasspla, 
due to the degeneracy of nucleotide coding essences, other 
DMA sequences which encode substantially the eama amino acid 
ssquance aa depleted in Table X may fee used in the practise 

10 of th* preaant invsntion. Thee« include but Era not limited 
to nucleotide ssqusnces comprising all or portions of the 
subtilisin 309 or 147 eegueneas depicted in Tafelaa 12 or III 
mim are altered by the substitution of different eedons 
that encode th* sasse or a functionally equivalent amino sold 

?5 raeidW within the sequence, thus producing a silsat 

change* For example, one or saore amino acid residues within 
the sequence can be substituted hy another mim acid of a 
similar polarity which acta as a functional equivalent* 
substitutes for an amino acid within the ss*psne« may he 

^ selected from other members of the class to %*hioh the amino 
acid helonge. For e&ample, the nen*»poier (hydrophobic! 
amino acids include alanine ? leucine, iaoleucina, valine > 
proline , phenylalanine, tryptophan end methionine* She 
polar neutral amino acids include glycine, serine,, 
threonine f cysteine* tyrosine, aaparagine, and glutanino* 
The pesitivalv charged (basic} amino acids include arginihe, 
lysins, and histidina* The negatively charged (acidic J 
amino eoida Include asparfcio and glutamic acid. 

Closeness of relation oan bs measured by comparison of 

M aaino-acid sequences* There jswmy mathoda of aligning 
protein sequences* hut the difference® are only manifest 
when the degree of reiata&nesa is gulfed email, The mathoda 
described in Atlas of Sretsia. Sequence and Structure, 
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Margaret 0* Oayhoff editor, vol* 5, supplement 8, 
National Biomedical Bsaa&rob Foundation, ©aorgeiown Univer- 
sity Medlcel Center, Washington, D.cu, p. 3 entitled 
SSA&SH and ALXSK, define raXatsdneae, A* i» W*U knowss in 
g tbs art, ralated proteins can differ in. nuabar of amino 
.acids as v*Il &a identity of each aMno acid along tha 
chain, ftoat ia, there can rs deletions' or insertions when 
two structure are aligned for maximum identity* Far 
example* subtilisin CarX&herf has only 274 amino acid* while 
sufctiliein BHF Ml SIS amino acida* Aligning the two 
sequences shew* that OarXshsre; has no residue corresponding 
to *an5« of aubtilisin jm*-* -SJmw the amine acid ssguensa 
of fe^Xsfcsrf woold appear way different from fiflPH* saalesa a 
gap is recorded at location s«, fherefcrs, one can s^adiet 
with a high degree ® f confidence that substituting sar for 
Asn at location 2 if of subtilisin carlsberg win increase 
thermal stability provided that the resi&usa in CsrXabarg 
are numbered fey homcXogy to BFf * * 

According to the invention, the sequences determined 
for sufetilislns %m and 14? can fee compared with &aouancea 
of teown aubbllisins {see l?afeXa 1} or newXy discovered 
suetiliains In order t© deduce sitae for desirable 
autatioa*. To do this, the oXosanees of relation Qt the 
sufetlXiains feeing compared *sl fee dataroined, 

S^«rim«nts to determine the relationship between the 
2S primary structure of sqbtilisin and it* physical properties 
have revealed tha significance of the m«tmionine~m residua 
aa well as the amino acids functional in the active sits, 
namely, aspartic acid-32, hiatidine-64, and s*rin»-m. 
&sparagina~x$S and sarina-JSSX ere within the oxyar.ioa 
binding site* nutations at these positions are likely to 
diminish proteolytic activity. According to the present 
invention, the amino acid eequeaces of suotiXisins 309 and 
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147 ware sotnnarad with one another and with the eafusncea of 
©tfcar *«fctiU«ift« (s«* fsM« II), Rwl4ues that varied 
between subtil lain 30$ or 3.4? ethar aubtiliaina wars 
identified* For *ramla, at residue atfbtiliain 309 

contains a s^ina rM&ta, VfrNwM «dstili«in 14? r SFH% 
Cari&feerg and 168 contain «n alanine residua* Tharstare, if 
th* serin* 153 residua of mbtUiaia 303 wars changsd to an 
alanine mmMm, th* physical properties of lubtUUin 309 
sight ba altered in a desired diraotion* UKaWiaa, 
subtil lain Ul contains a residue at position ait, 

10 iflMttM* th* other aubtUisina «xprt>w«4 an aaparatfin* 
residua. Because subtliisin 14? has lmptm&& thermal 
stability relative to the atom aubtiiisins, stating *a* 
asparafina 218 of subtiXisin SO* to a aariaa residua might 
„ improve th* thermal stability. of .ubtUitin 30i. M another 
15 «ub^i», it was reasoned that, since fhr 71 is close to the 
utfcr* aito, CM introduction of a negative efcjuftift amino 
mU, m«K aa aapartic acid, might suppress oxidative attack 
by electrostatic rapuXaion. The aitaa that are ssost likely 
to be relevant to the physical properties of aubtiliain are 
m - ^ vfcich there i* conservation of amino residues 

\ most subtllisins, for ample A*|KLS3 and &an-2l$ 
,-„jod above, and also £rp-«, arg»170 ? ?rc«l£S* Hia»C?> 
H«t«i?5, 01y»2i*, *eg*375. By mutatis the nucleic acid 
sequence such that a aiaine acid which differs from other 
55 aubtilisins ia subetitutsd with an amino acid that conforms, 
a mora stable form of aubtiliain may rsault* 

Wails at «l< £1937* Proe. HatI, Mad. Sei, $«£*JU 
,84:1219-1223} hav« used comparison of a^irso acid essences 
and site-directed mutation to engineer subtilisln substrata 
3S specificity* The catalytic activities o£ various 

m*tlli«la» can dif far markedly against ealaeted substrates, 
mil* M ancwn that only three amino acid substitution* can 
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c»«s« B, amyioli quafagiena aubtiliain substrate specificity 
to approach that of Bu lichenformisi smbtiXiain, enayaea that 
differ by factors of XO-SO in catalytic efficiency in their 
native state* comparison analysis fcsfcween subtUiain 14? 
s and 309 and other aubtilieina has indicated that mutation of 
the following sites may alter the physical or chemical 
properties of sta&tilisim 6, 9, ll~X3, 19, 25, 3S-3S, 53- 
59, 67, 71, 89, 104, 111, IIS, 120, 121-122, 124, 12* , 131, 
140, 133-16«, 168, 169-170, 172, 175, ISO, 182, 18$, IS?, 
10 191, 194, 195/199, 219, 219, 222, 22 S, 234-238, 241, 2S0- 

262, M5 t 2S8, or 275* deletions occur at the following 
sites in snbtili&ins 147 and/or 309? insertion of 
appropriate amino acid realms into these sights might 
enhance the stability of the parent ansymaai 1, 36, 5$, 
w 159, 1S4~166* According to the method illustrated by thssa 
examples, which are not limiting, a nnmfeer of potential 
mutation sites become apparent. 
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a «. . : «ubtili«ift 3 Of 
b « subtil i# in 3,47 

d «■ wutotlH«in c&rlsfaarg 
e »ubtiUain XSS 



5. a. FOE PR0SPJCI86 HTOASIOtfS 

Maay 3B«tfeod« for intretoinf watationa into g*n«a ar« 
tewwrn in the art* Aft«r a briat discussion of eloning 
aubfciliain g«n&s, methods for ganarating- mutations in both 
raMom aitaa* and »p«ci*ie within the «a&t41i«in gan# 

30 will be di»cu»*«d. 
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3Jh« gene encoding subtil itsin may ba clonal from any 
Sram-poeitiva bacteria, or fungus by various methods, v*xi 
known in the art, First & gsmossie, and/or eDKA library of 




1% subtiliain to be 
etudiad, Kum, if the as»ino»aoid sequence of the aiflstilisia 
labelled oligonucleotide probes may ba 
d psa<S to identify aubtiliein-encocllng elonas 
library M bacterial M& f or from a ftmgal 
library, AltraativaXy, a labelled oligonucleotide 
probe containing essences homologous to s«btilisin trots 
another strain of bacteria or fungus could be uesd m U 
probe to identify suhtlXiein-aneoding clones* using 
t i fefbr iaisation and washing conditions of itmx stringency . 

m% m&Hhm method for identifying subtil isin-produeing 
clone® would involve inserting fragments of genomic o»A into 
an egression vector, such as a pXasMd, transforming 
ptofeTOe*»negativs Metari* with tha rasuXfciag ganoaic iMa 
§0 library* and tbsn plating the transformed baotaria onto agar 
containing a substrate for snbtiliain,, such as skim mills* 
Thoe* bacteria containing suhtiiiain-bearing plaamid will 
produce colonies surrounded by a hale cf cXaar agar* due to 
digestion of the iKia milk by accreted subtilisin* 

28 

S.*,2. 6BHSSA3?XO» Of RANDOM KUTATXON8 

Once the subtiXisin gone bas been elonsd into a 
auitaole vector, such ae a piasmid, several xaathode can be 
^ used to introduce random mutations into the $an«. 

One i&ethed would be tc incorporate the olonod 
»«3>tiliain gene* ae part of a retrievable vector, into a 
mutator strain of liobarioia coll, 
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Jtaot&ar ssothod would involve g«narati«# a single 
atr&ndad form of tha oubtiiiain yarn, and thm mm&llng tha 
fragment of IKTA coatai.ni.ng th« aubtiliain gana with anotbar. 
WA fragment such that a portion of tfca aubtiiioin gana 
g remained siftfla str&ndad* irhia diocrato* single stranded 
region could tnan Bo exposed to anv of a jjuabar of autagan* 
iaing aganto* including, tot not; iimitad to, sodium 
biaulfita, hydroxylaaina, nitroua acid, ferals acid, or 
hydraiajsiw*. a specif io axampla of this »«thod for gonar&t- 
15 ing random mutations i« deecribad by Shortla and Kath&na 
<3LS>78, S*r»<s* Natl. Acad* Sol* U,S*JU, 7518170-2174), 
According to tlis Shortly and Kafchan« stathed, too piasmid 
b«aring tha anbtiliain gone would ba nicdtad by a rsstrictioo 
enayia* that cleavas within the gana* This niok would bo 
n Vidanaa into « gap using th« axa»uel«a*a action- of 0m 
polymarasa I, Tha resulting singXa»atranded gap could then 
be mm%ml&®& using any one of tha aboya mentioned .nft»* 
ganiaing aganta, 

Altamativaly, tha subtil lain gana from a Bacillus 
^ apacios including tha natural promoter and othar centre! 
Baquaacao could ba cloned into * plaaaid vector obtaining 
rapHeona for both «. OMt and S^JubUlis, a solectabla 
phanotifpic marker and too HX3 origin of replication for 
production Of aingia-atrandsd plasMid tm Up »h auparinfac* 
sg tion with helper phage IRI, Singls-strandad placid DNA 
containing the cloned subtilisin gene is isolated and 
annaaiod with a mh fragment containing vector sequences but 
stot tha coding region of aubtilisin f vaulting in a gapped 
duplex molecule. Mutations are introduced into tha aufctili- 
30 sin gano either wit* sodium bisulfite, nitrouo acid or 

formic acid or by raplication In a mutator strain a« coil 
aa dosoribad above* Since sodium biaulfito rsaeta 
axolaaively vltb ©ytaain* in a singSa^straodad DMA, tha 
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mutations created with this mutagen are restricted only to 
the coding regions* S«&cUon time and hisulfits concentre- 
tion are varied in different e&parimanta suoh that from one 
to five autation© are created p^r subtilisln gene en 
5 average, incubation of 10 ^g of gapped duplex in 
4 H S?a~hia«lfite, pH* fi.fi, to § »ixmt«« at 3?'fif in a 
motion voXuae of 400 ^1, *«eatia«te* about 1% of cytokines 
in the aingle-atranded region, The coding region of mature 
ewbtiiiein sontains about 200 eytoeines, depending on the 
f0 W .strand, advantageously, the reaction time is «£ed 
from about 4 minute {to produce & mutation frequency of 
afcotit one in 2001 to about M minu&m (about 5 in 200 1„ 

After ssutaganaaia the gapped molecules are treated in 
3dja£2 » polymerase 2 f&lanow fragment) to make fully 
1g double- stranded moloculaa and to fise the mutation* * 

Competent % coll are then transformed with the mutageniled 
Tfflk to produce an amplified library of mutant anbtilisina* 
teplified mutant libraries? can also no made by growing the 
plasmid DHA in a Mat P strain of I, eoli which increases the 
^ range of mutations due to its error prone polfmeraae* 
T he mutagens nitroua acid and formic acid may also ha 
used to produce mutant libraries, ieeauaa these cheaicala 
are. not as apeeifie for single- stranded xmh. as sodium 
bisulfite., the mutagenesi? reactions are perforated according 
2g to the following procedure. The coding portion of the 
subtilisin gene is cloned in HI 3 phage by standard methods 
and single stranded phage TO prepared. The a *,ngle~s trended 
DHA ia then reacted with 1 M nitrous acid ph\ 4.3 for 15-60 
ssinxstea at 23 8 C or a ,4 K formic acid for i-s istoutaa at 
38 23*e, 2?heea ranges of reaction tiwee produce a station 
frequency of from 1 in 1000 to $ in looo* After muta™ 
qmmiMi a universal primer is annealed to the mi OSA and 
duplex « is «p*theei$ed mim Wm mutagenined single-* 
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str&adod SKA as a taiuplata so that the coding portion of th* 
^ubtiliain gana becomsa fully doobla-strandad , At this 
point tha coding region earn be out out of the K13 vector 
with restriction snayisea and Xigatad into an unmut&ganisad 
«xpr«s«i*n vector so that ttutationa occur only in the 
restriction fragswnt, {Kyera st al., Soianca 2asia4a-SS? 

By yet anothar mothod, saltation* e*n ba generated hf 
allowing two dissimilar. forms of sobtiiiain to «ndargo 
raooishinaMon in vivo. According; to this iaathod ? homologous 
regions within iho two §an«a lead to a ero»*«over of 
corresponding ragions resulting in the exchange of fanatic 
information, The generation of hybrid amylase isolaoulea 
according to ttslas technique is *»ilY described in 
patant plication sarial nusfcwr filsd on -Sun* SS> 

its?, which is incorporated by roieranca in its ihtiratr 
mm&n* h& example of a plasmid which can generate hybrid 
forms of subtlHsin is dspiotod in figur* i. Both the 
aubtili«in 303 and U7 genes* incorporatad into plasmid 
$8X143., ar« truncated, and therefore cannot th*s»«:Lv«* iaad 
to snbtllisln *xpx»**ion. mmmt* if recombination occurs 
between tba two ganaa so as to correct tb« defect proved 
by truncation,- th* » terminal ration of tha subtil isin 

309 gens bocosnas linked to tho C terminal region of tha 
subtlXisin 14? gena f than active, mutant suhtUisin can ha 
produced. If psX143 is incorporated into a protease* 
negative strain of bacteria, and than bacteria who develop a 
protaasa positive phenotype are selected, then various 
mutants, subtil isin J09/147 chimeras, can ba identified. 
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onoa the subtil isin gene has baan cloned* desirable 
sitae for mstatisn idianfeif -t#4f« tfta**- tsfthfc-M «n« «wn b* 
introduced using synthetic eligo nucleotides, -These 

8 s&iSPhUClaofcidea cant ate nucleotide gaguencee flanking til* 
desired mutation sdtesr mutant nucisotidss are inserted 
daring oligonucleotide synthesis* In a preferred method* a 
single stranded gap of Dm, bridging the e-ahtiiisin gens* it 
created is & viator bearing the »«btiliais* ge&a* t&# 

10 synthetic nucleotide, bearing the desired mutation , is 

anne&Xad to a homologous portion of the aingl*~atran&ad DM* 
The remaining gap is than filled in by DMA polymerase I 
(Klenow fragment) and the construct is ligatad using m 
Xigasa* A $pMSifie axanpl* of this MSthed is described in 

111 Storlnoga at (1984, Biotechnology ^j«4*-«39) » According 

to Morinaga at al* f a fragment within the gaoe is removed 
iwl«g restriction sndonuclease* 2h« vector/gent, now 
containing a gao, is then denatured and hybridised to 
vector/gene wfcicb, instead of containing a gap, has b««n 
cleaved with another restriction e^donueiaasa at a aits 
outride the area involved in the gap. h single-stranded 
region of the gens is then available for hybridisation *4tb 
mutated oligonucleotides* the remaining gap is filled in by 
the SO. snow fragment of xm& polymerase l f the insertions are 

m ligatad with T4 VSK ligase* and, after ons cycle of 

replication, a double-stranded plssmid bearing th« desired 
mutation is produced, *3?he Morinaga method obviates the 
additional manipulation of construction new restriction 
sit**, and therefore facilitates the generation of mutations 

30 at multiple sites, ty.s. Patent number i,im f t>2B t by Satella 
st al., issued .July 2$, is able to introduce 

oligonucleotides bearing multiple mutations by performing 
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minor alterations of the caasatte, however, an even greater 
variety of tstttations can be introduced at any one time by 
the Morinaga mathod ? because a multitude of oligonucleo- 
tides, of various lengths, can bs introduced, 

S 

According to the invention, a ttmt&ted suhtiXiain gene 
produced by matnods deacrihed above , or any alternative 
iseihods known in the art, can fee expressed, in an&yma form, 

^ using an exprsasien vector* An expression vector ganarally 
fells under the definition of a cloning vector, einea an 
expression vector usually includes the components of a 
typical cloning vactcr, namely, en element that permits 
autonomous replication of the veotor in a microorganism 

y independent of tba genome of the microorganism and one or 
more phenotypic markers for selection purposes* An as*pras~ 
sion vector includes control ee«panoas encoding a promoter, 
operator, ribosema oinding translation initiation 

aifisai, and* optionally, a repressor gene. To permit the 

2 Q secretion of the expressed protein, nucleotides enoodiug a 
signal sequence® may be insartsd prior to the coding 
sequence of th® gane* For axprasslon under fch* direction Of 
control sequences, a target gsma to be treated according to 
the invention ia oparably linked to the control sequencss in 

^ the propar reading frame* ^remoter ssguancss that can ba 
incorporated into plasmid vectors, and *?hieh can eupport the 
transcription of the mutant subtilisin gene, include Jsut are 
not limited to the prokaryotic sisctamaee promoter (villa- 
Kamarofif, at el.* 1878, Froc. SSfstl* Acad, Set. U.S.A. 

m 2&**TO-*?3*) and the tao promoter (DaBoar, et &l* f 1183, 
Proa, s&tl, mm, Bci. 80? at -25 J. Further references 

can also be found in "Useful proteins from recombinant 
b&ctsria" in scientific American* 1980, 242j74-g4> 
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According to one embedimanfe B, subtills is 
transformed an expr««*ioii vector carrying the imitated 
Bt&, If expression is to take place in & secreting 
mi.tsxQQTgtmim such as B, ^l»MMl, * sigoaX s®^«sos »e<r 
follow the translation initiation signal asd prscede the m& 
sequence of interest* TM signal segnence acts to transport 
the egression product to the call wall wtes It is craved 



include a signal 

3*** scsggsfiss 0F„«qyAKy fflMSfflft 

For ecresning mutants, transformed B, subtilis can 
ha cultivated in the presence off a filter material (such as 
nitrocellulose) to whioh ti&e. secreted expression product 
(e.g. eneym*} binds, fn order to screen for an express ion 
orotet having a desired characteristic, filter bound 
expression product is subjected to condition* which 
distinguish expression product of interest from wiid~typ® 
expression product, tor example, the flit sr-bound expression 
product can be subjected to conditions which would 
inactivates a wild- type product * Preserved eneyae activity 
following adverse treatment suggests that the mutation 
confers enhanced stability on the anrysse* end ia therefore a 
useful mutation, 

Xn one e&hodiment of the invention? screening for 
-stable variants is accomplished using a protease deficient 
Es, subtilis strain transformed with the variant plasmid ana 
plated out as follower a nitrocellulose filter is placed on 
a nutrient base in a patri dish, end a cellulose acetate 
filter 4* placed on top of the nltroosXlulces . Selenies are 
grown m the cellulose acetate, and prota&aa from individual 
colonies is secreted through the cellulose acetate onto the 



nitracellulosa filter where it is stably hound, Protease 
from hundreds of colontea is bound to a single filter 
allowing subsequent screening of thousands of different 
variant* by processing multiple filths* 
g to identify colonies producing subtiiisin of 

enhanced thermal stability, 'the filters can be incubated in 
buf fer solutions at temperatures which would inactivate 
substantially all wild-type Activity. Variant* of enhanced 
stability ©3? activity retain activity after thin step* The 
10 suitably treated filter then is aoakad in a solution 
containing Tosyl~3>&rg methyl estsr (TM48) Banaoly-Arg- 
ethyl-eatar (HABS), Aeetyl~fyr~ethyl~esbsr l&Hpkft) or 



substrates £or the pmtmum they are cleavad in rones on 
the filter containing variant aubtiliain* which remain 
active after treatment. M cleavage occurs, orotons m 
raXeaasd in the reaction ana cauaa phenol red to change in 
color fro® red to yellow in areas retaining §»rofeeaaa 
activity, 

Thi® procedure can be used to screen for different 
classes ot variants with only slight modification*. For 
axampla, the filters could he treated at high temperature, 
at high with danaturants, oxidising agents? or under 
other conditions which normally inactivate an enzyme auch as 
a protease to find resistant variants . Variants with 
altered substrata specificity could be screened by replacing 
take, bass, or atee with other substrates which are normally 
not cleaved by wild- type subtiiisin. 

Once a variant of enhanced stability is identified 
by screening f the colony from which the variant is derived 
is isolated and the altered subtiiisin is per if led, 
Experiments can be performed on the purified ensyrcs to , 
determine conditions of stability towards oxidation, thermal 
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inactivafciftft, dfcn&turafcioa temswr&turs, kinetic parameters 
aa w©Xl as other physical «*&au5?ea»enfc* , 'The aXtared g«n» 
ste also be «equ«ac*a to defc*rmi»* th* amino acid changes 
resoonalbXe for th» snhsnced stability, Uains this 
procedure, variants with increased washing abilities have 
bean 'isolated* 



10 w^cm^ms^L^ 

B^,j3|btiiM §09 wwS 147 ara variant* ©f Bacillus 
1S l^ntu^ , ae$w*it*d with- the hcxb and aeeorded the wopssftiem. 
ntmbexe MCXB 10147 and NCXB 10309, end described in 
?s|Mfe fc» 3,7*3,230, iaeued March 27 f 1973, m& 
incorporates in its entirety by rsfaranot herein, 
anbtllig DM 491 is described in S. Serial Ho, 039,191, 
^ also incorporated by reference herein, and is an are* 

transform t of MIB 200 *ith chromosomal »HA from St 438, & 
spoliation and protease deficient strain obtained from Dr. 
Mm K&rdy of Biogan* g« noli m 1000 arV" {Ca*«-d&baa, H.J. 
and COhen, 11980), J. Mol* Biol. 138;1?l^07 f *&* made 

fey convention*! methode and is also described in U» S. 
Serial SO, 039,2§3» 

p3X50 (desoribad its U.S. patent application serial 
30 Ho, 039,298 filed April 17, 1987, m& incorporated by 
r»£«x«ae« herein) is a derivative of plasoid p« 10SO, 
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compriaing the proisoter-oparator P^, the §^,..,SHI!l4lM ^JfC ® 
9 ena and the B^jubtilij xy* ft gene, 

pSX€$ (described in tl*S * patent application «*rial 
He* 039,29$, *um> is a teivatiw of plaamid pm ioso, 
apprising the prossetor^operator P 3 & 3 > th» B*_^nj|lus xyn B 
gene, and t»s B t jgufet|lii xyl R gene, 

p83»3,. shown in Fig™ 3a, is pucis <Vi*ir« and 

in fragnant of thm subtil isin 300 fan* including the 
terminator inserted in & polylinkar saqnanea* 

pSXXIS is pvm% mx&mim en EcoRX-XbaX fragrant 
of the subtiiiain 30$ <3*n« inserted into th* peXylinker* 

{describe* in U»S* patent application aerial 
Ho, 0*9,3*8, supra) is a derivative el! pSXJK CjMdh which 
omaprisas a fusion gens between th* calf proehymesiw gene 
and the B» pcmiXua xgn S g*x.« inserted into psxso. (stpra) « 
psx« was 9 aneratad by inserting the j^ccU rrs B 
terminator into pSXSa behind the prochysiosin gene, 

pSTO was produced by cloning the subtiXisin SOS 
into plasmid psx« ragpra) out at Cla x and Hind 111 and 
billed prior to th* insertion of the fragments pral-liheX and 
Nhax-Hind XXX from tea cloned subtiiioin 30S gw* 

6*1.3. ^mTMiSJ 08 ^" 8 ^ 
The procedure relates to a typical purification of 
a TO liter seal* fermentation of the Sufetiiiain 14? enzyme, 
the SubtiXisin 3CS snefise or mutants thereof. 

Approximately 8 liters of fermentation broth wars 
centrifuged at 5000 rp*s for 3S minutes in 1 liter beaker 
The anpernafeanta were adjusted to pH 6.S using 10% acetic 
aaid and mtarsd on 0eita Supra S100 Hltar plates. 

filtrate* war® concentrated to approximately 
400 ml using an micen CE2& m unit equipped with an lusioon 
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S1T10 tw cartridge. $hs tHF coneanirata was oentrifyged &nd 
flitted prior to adsorption on a Bacitracin affinity column 
at pH 7. 5he protease was altsted frem the Bacitracin column 
using 2 SI 2~propanoX and 1 » so&ium chloride in a buffer 
s solution with 0.01 disnethrlglutario acid, 8,18 boric aoid 
and 0x002 M calcium oMcrids a&iusted to pH 7, 

7?he fractions with protease activity from the 
Bacitracin purification step were eombinaa and applied to a 
150 ml Saphadax <S2S column £3 err, dia*> equilibrated with a 
buffer containing 0.01 dimsthflglntarie acid, 0,2 M nor is 
acid and 0,008 H calcium chloride adjusted to pH 6.3, 

Fractions with proteolytic activity from the 
Saphadex 02S column ware combined «n6 applied to a ISO ml CM 
Sapharose €& SB cation exchange column CS em die*! 
m equilibrated with & «£ar containing 0,01 dimathflglutario 
acid, 0,2 ft boric acid and 0,002 H calcium chloride adjusted 
to m 

fhe protsaae was eluted uaing a linear gradient ol 

0-0.1 M sodium chloride in 2 litere of fcha sama buffer <0~ 

_ 0,2 M sodium chloride in case of sub 1:4*1 i 
20 

Xn a final purification etap proteaae containing 
fractions from the Ssph&rosa column were combined and 
concentrated in an teieon ultrafiltration call equipped with 
a .S8S1F roe*nbrane Cfrom the Saniah Sugar Factories* lac!, 

SubtiXHsia 309 and mutants 
Mat 222 to Mm 

m$ tm to » 

hao 210 to far 
Arg 1?0 to *^r 
g0 Sly 1M tp mxt mg 170 to tyx 

m? %m to Ota, Mat 222 to Ala 
w«r« purified by thia procedure , 
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All mismatch priaers wer< \ ss ;a o i App- 
lied siosysteae 380 A mk eyntheaisar ar4 purified fey 
polyeoryla&ide fsl aleotrophoreeie , 

The porified is dilutad to an enspus 

content of approximately 0.1 ajM in 0,01 M 
dimethylglufcarie acid pH 7 and in the aama buffer 0,01 
K peraeetio acid CpH t>. 

aotn sets of dilution* were neatsd to 50»C for 30 
stinutee. Proteolytic activity was ®mmz®& in the dilutions 
te£s» and after the boat treatment. 

«•!.«. Mg^....i!^uga^ms *gg«sat : 

0PA~Ca«ein aethod 

Proteolytic activity waa determined using casein 
a* -the substrata. On* easain $m*mm Unit (CW) is d&fined 
as the amount of entyma liberating 1 millifflole of primary 
amino groupa (deterained fey oomp&rlaon with a grain* 
standard) par minute under standard conditions, i.e* 
incubation for 30 minutes at 2S*c and pH 9.5, 

A 2% {w/V} solution of casain (Haaa&aretein,. 
supplied by Hereto JUS* , Weet Sexaany) was prepared with the 
oaivereal Buffer described by Brifeton and Kobinson 
(Joum.Caia».8oc. 1831, P* 1401), adjusted to pH 

Two sil of sufestr&fcs solution was pteincub&ted in a 
water bath for 1Q minutes at 25*€» 1 &l of ensy»« solution 
containing about 8,3 » 0*3 CPU/mi of Britton-Ho&inson buffer 
(pH 9*5), was added, ftffta* 3D minutes of incubation at 2§*c 
tfee reaction was texnlnated by the addition of a stopping 
agent (S ml of a solution containing trichloroaoatio aoid 
(17. S gK eodiust acetate (29. » g), and aeetio acid (if.s g) , 



wo mmz79 



KT/BK89/»G0G2 



-30- 



f illed up to 500 ml with daionised v&far) * A blank was 
prepared in t&e *am« mam** .&* ths t«*t solution., except 
that the stopping agent waa added prior to the *nsy»ft 
solution. 

The reaction mixtures were leapt for ao minutea in 
the w»fc«x toath, «3»£«up9» tfcay were filtered through 
Whatman® 42 paper filters 

primary amino groups ware determined Jay their 
colour development with c-phthaldialdahyaa fQP*) . 

Diaodiua tetraborate dacahydrata (7.63 g) and 
1 sodium d©<Sacyls»l*ate <2«e g) wes dissolved Ih ISO ml of 
water. OP& (160 mg) diaeelved i» 4 ml of methanol was then 
adaad together with pi of beta-maroaptoathanol, 
whore&ftar th© solution waa made up to 200 ml with water. 

$o the OH reagent (3 ml) % } aa aadad 40 pi Of the 
1 above-mentioned fiXtratea with mlxine; , Th% optical density 
COD) at 340 nm was measured after about 5 minatee* 

fha pi test was alao performad with & serine 
standard containing Xo me; «*■ marine in 160 ml of Britten- 
Siobin&on buffer <p« t*S)» fha buffer waa u^ad m a blank. 

ma protease activity was calculated from the 
optical density meaauraffisnta by means of the following 
formula! 

- < 0D t ~ °V * c aar * * 
cks/»1 of a!«y»* solution « „... 

cs>U/g of snjsyae preparation ^ OT/mls h 

m wherein 0X> t , 0S b , OD w end ©S^ is the optical donaity of 
tha test solution, blank, serine standard, and buffer, 
respectively, c gar the concentration of aerine in ag/mi in 



wo mjmm 



PCT/DKS9/00002 



»31~ 



the standard, H» oer the moXaoular weight of serine* Q i& 
the dilution factor (in this instance equal to s) for tns 
ensyme solution/ m$ t% i*. the inet&ation. time in sdntites* 
In the following T«bX» ¥ f rwrolta fross the abovs 
assay &m shown relative to th© parent enryoe, 

T««t sloths (7 ax? e», approximately 1 f) 
produced ^ passing 4**i«ed cotton |100% OOtton, DS 71) 
cloth through the vessel in a M&this Washing ana Drying tf»it 
type SH (W*rn«r Kathis AS, Zurifch, Switzerland) containing 
spinach juioa {produced from fresh spinach) and then through 
tli* pressure roll of the m&hlm in order to remove eKcese 
spinach juics* 

Finally the sloth was dried in a strong air Mtmm 
at room temperature, etorad at roea ta^paratttre for 3 w»eKA, 
and «$**g&«»1&F kept at ~XS*C prior to use, 

The tests were performed in a $srg~0~tometar teat 
cashing machine <a«fterifoe* in Jay a, Harris ^Dstargancy 
Evaluation ana bating", xnt*r*ci»nc» Publishers Ltd., 
p. s?0»Si} isotfcermaXly for 10 minutes at 100 rps. m 
detergent the following standard powder detergent was «sads 

0*4 g/X 

oas g/l 
o.is g/x 
XxTS g/l 
0*40 g/X 
0,05 f/X 

o 5 oi g/l 
sao g/l 
i.oo g/l 
o,is g/X 
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« N -tatraacwfcyl-ethylana diasdaa; pM was 
adjustad with 4 K KaOK to 9*3, *ba %-ster usad v*» ca, § 5 SH 
{Canaan Hardnaas) * 

trusts vara performed at «z»ya« oonosmtratiana of? 
g 0*SS CPtyi and 0.2. sni two indapandent «*ta of 

t*at« war* p©r£o«d for aaen of tha mntsmta* 

Eight oiaths vara uaad for aaoh tasting nsirsg ona 
toaakar (soo ml) of datargant* Of tha cCLofcfaa, four wsra 
olaan and four vera stained with spinach juioa. Snbsaauant 
(<} to tha washing tha cloths vara flushad in running vatar for 
2S minntaa in a fcocJcat.* 

fhe sloths vara than air dryad .overnight 
(protaetad againat day Hght| and tha raaisaion, & 
determined on a xutKPKa 2000 apeetrophotomafar from 
Mtaoolor "s.A., MstM&on, Switzerland at 4€0 i*U 

As a aaaaur* of tit* washing ability diffarantl&l 
raaiaaien, & waa used* a -E baing equal to the ranisaion 
aftat waah with anxgna added minus tha ramiaaion aftar vaah 

fha asm* procadura aa abova far waahability waa 
naad for estimating the tharaoetability of tha mutants 
produced? by performing tha taat at temperatures of 40*© and 
^ S0*C, raapecfcivaly. 

a,*,Jt, CU3KJU»« Or ThE 3 Of ANB 147 

mm — 

W Chrsmosoaal XMk from the "309* strain was isalatad 

by treating a cell amapanaion with Lysossyms for 30 minutes 
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at 37 *C t and thm Witb BBS for S minutes &t dO*C< 
Subsequently, the suspension «s extracted with phenol- 
chloroform {SO?SO]t > precipitated with athanol, and till 
precipitate radiesoiwd in ^* This solution was treated 
„ with KNftft» for 1 hour 37*0* 

8 approximately 30 ?g of the chromosomal UNA was 

partially digested with restriction enzyme Sau 3& (Haw 
Sngland Biolsbs) and fragments from about a. 5 Ssh to about 
6.5 '£$ were isolate en W cellulose paper from a 1% 
agarose gel (the subtilisin gent in other spscias is 

10 approximately i,2*b in length). 

As outlined in Figure 1 the fragments 
annealed and ligatad to BamHX cut pl»t»id pSXSO {describe 
in m p&t*nt application Ho, 039*2M fil*d April 17, 1991, 
which is hereby i»elud«d tor reference) . The pl&saids were 

18 than transformed into competent B ? suhtilif, ON 4»7. 

The oslls were than spread on Li agar plates with 
10 m pheephate pH ? f 6 ^g/ml chloramphenicol* and 0*2% 
^Xesa to induce the ^-promoter in the placid. The 
plates also contained i% »Kim ail* so the protsese producing 

20 transformants could be detected by the elsar halo whare the 
skim milk bad been degraded* 

Protease expressing clones were produced at a 
f regency of 10* 4 * Two clones were found that harboured 
pXas&ids carrying the gens for subtilisin 309 , pssese and 

2S pSXSS. The §®ne was then sequenced using the method of 
Kaxaa and Oiibert. Tbs deduced nucleotide sequence of 
anbtiliain 30$ Is presented in TabXs XX, 
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■a'scaa/gamccs ffas««A&AM$ ^csa^c&ce ocac? 

ACTSCATOA^e mmCQQCTQCT smsmscmm saaaaatast 
m 

G ! mGAA€&ASm &&.SSG&AAX hC STCS< 




mm»AAs&& aA^cASAAsm &cGASM«ea e&A^CAraccA f sssgaa$t« 
' caTeTccifiAsec ceMCfscecM? AM2c@scm.vm ACAsatTCfs^r amAAOTxaei 
me&scGhTkCh oommcatap cA^cci^cTf a w&rTcwa* occoc^Aac-ra 

GTACCAOTOAA CCA^CACTCAA {feXCTC&ttWSCK CfcTSSCACSCKT STSSCCaOC-ACS 
ATOCTGeOTA MCAATTCOOT G^CSOTCOTSC «mS€8CCGA<*C SCaGAAOimC 
mmT*$hh&®TA TmsWSCeAOC SGTTCA««TTC<3 SfOASCTCSA^ 6CCCAAGSATTS 
GAAT<M«CAGG<J A&CMfGSCATO CfcCC&TOCTAAT fISMOTA8GA &GCCCTTCGCCA 



■ tcaootoc&ssc fcaATCAScmf ec&^com* GCSAACGCAAT® 

• AC^a&CCAAAAC AAC8ACCGCSCC ASCTETTCAGAG TAT3< XCAOOG 

CTOACATOTC GCACCAGSTSTA MCSTSCAGAQC ACAf ACCCASQT TCAACGTASSCC 
Clal 

AGCTTAAACSSS ACATC6ATGSCT ACTCCTCATSTf GOSiaSTGCaSCA SCCCSSOSTAAA 
'30. OAAAASAAOCCA f C$$GGf CCAAS J&2CATCTAAAG AATACGSCAACB 
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XX41 

s 



the aubfcUitfin 147 except that tha DMA tngmtits mm 
ligatad into th« pl^mid psxsc {*!•© dMweiM in its 
10 no. 039,299 gttsr&) t which as indicated in fifus?* 2 iitetrt* of 
the xyn proctor haxfeeurs th* «g& : 



aufetilisin 147, 



for this ?»»« is show in tafcU 



1 OT SBKSXLXSIH 14? GSME 

Signal 

€TWA®f «to3?cmo& gtggcaotgc'xt sscMnroftftae 

5 OC^CSSCAGCA GGCQOGOASAftA MCGMmTOS M?TGTCG ! fC<3&& CCTOAJWSUGTT 
TCTCCTCAOMW fflUwWWUWW TATGMGTGGAC TTTCXASAGATT 
CCa<MPCM?0?caWP OC&SAACSPAACr AMIA&GA&XfG *A&3M?CCGAAC 



GTMMGCC^C GA&fl&iSSA&TSCA GAAOTAACCATC A^CA**CSa*T 

280 



wo wfmm vciymmmma 



®C$GTCCCT<3A« AOAG&AAXT&CT TCACACCCAGAC TTACS&ATTSCA GGS3SASCGASC 
OT&WCUOC OAOCCTTCCmf tt^C&KEAAC OMCftCGOMCZ CACG'XSGCTOGT 
ACA&£CSCT0CG TTAAACAAS't-OA ASC(Sfc^SS$C$$ SOOTAeOAOCA TCGGCTGACTT6 
. OTCTTOATCGS AATGOAA&f&GT OTASCSCSAGGA 




. G^O^ATSAA AMSKHfCAAC&C «C^CTTC5fC5? A«A$ 

sTGCAccstecT «tcaacs!eaa*c awsc»c<sf ACiw* aaciuwpeeme 

S&AACATCT&X'G SCAACACCACAC <*T3?OCTS3A3TT QCT 
■ AASAGCAOAfM CCTA0C^A1&O8 AACAACCAAA^f <&CCA«e$$A$S? MS CMAqASCA 

18 Acsm««i! tctotaosot ^ssa^x&OA 5f5? Aa^ACAgfsc* gsacg^cwa 



1084 



6,2 S S« GB^SMXOK OF SITS-SPECXFXC HOTATIGHS 

of TO .sugm:.- , 

sit® specific autatissw .pa*«ormed lay t&* a»tkod of 
2i Horinaga .«t al-. (Biotechnology* SS1§) * 3!h« *o2.l9wi»gr 
olisorraclaetid** w*r« us«d for introducing the TK&t«fcl©fta* 

A 27~a*r stoateh pria«r, Hor-537, &l#o 
10 d«»«rat«» a 'naval r&s&rieti«m 
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5 m m$zm **** 

A 2S~**r miszmtm prima, «~333, *hl«h 
^mmtm « nov#i s^ixx site 

3* «W|Ml€TSTtta 3' 
10 - SgXXX 

A 24^a«r mismatch pyiaar, K0R-23S 



H0R-336 * 

A 22«r stisaat&l pxlmt, KOR-235 

^ mth of th«s« primers flwtroy the unigu* ClaX »it« 

*> BteUB Mi* 

to 18-swr mlmto& primer, HOE-334, which %%m 

generate* « novel Pvuil 

3^W€««l€gACC«A 

mm 
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h a*-are mismatch prirn^ KOR-aas, wfeloh also 
gsnarat^ a nov&X MopX site 



31* 223 



For th««* a©*ab]te TO&ntss ©csa&inatioas of and 
or 808-236 w»re performed by joining tho single 



s«MS3 ,Al&,an,a Aan~Si| &»r> 

30 A combination of NOR-324 ana: HOE»32S was psrlorsad in 

analogy with th« above* 

Sapped dupta ffiutfl^snssis was parfora*3 uoi.ng 
plasati* pras as template* pss»3 is shcvn in Fi^ra 3a and 
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3b,, and is £UC13 (vieira, or, and Having , J.i 1982 ? Sena is i 
259-268) harbqwring an 0,7 kb XbaX~Hin4xix fragment of ths 
subtil is in 30§ gene including th« terminator inserted in the 
poly 1 inker* terminator and the Hindi jx site are not 
I shorn in Table IX, 

For th* introduction of mutations in th« K~tarmlnaX 
pari of th* pssp« the plasmid psxiis was used* pSXtlt ia 
PUC13 harbouring an Ee6RI-XfoaI fragment of the anbtili&in 
309 gene insert** into the poiylin&ar. The templates pSKSS 
10 and pSXXIS thus cover the whole of the auhtiiisin 30$ gen®* 
f&a mutations a), b), and a) vera performed by cutting 
uith XbaX and C&al as indicated in Figure 3s? c} , «), 
f | , and h> were performed by cutting pSXtl with XftaX and 
Mindxxx as indicated in figure 3h, 
|S Mutation f ) was performed correspondingly in ptaif by 

cutting with seaRl and XbaX, 

She double mutants i) and i) vara produced toy cutting 
the o*? kb xba-HindXlS fragment from a) partially with HgiAI 
<Hfi&X alao outs in SacX, which was introduced by the 
mutation). This ISO hp Xbal-HgiAX f ragman* end the 0*5 Kb 
HgiM fragment from the o) and d) mutanta, raapactively, 
ware iigatad to the large HiialXXMbaX fragment from pSX§3, 

^he double mutant Je) was produced aa above by combining 
mutants a) end f) , 
sg Subsequent to annealing, billing and ligation the 

mixture was used to transform S. coll m looa rV\ Mutants 
among the transformants % v ere screened for fey colony 
hybridisation as described in VXaaufc at al«* 1003 , 
j.BioX.chasu, SSSi 7141-7148 and in Vlaauk, S»J, and xnouya, 
30 S.j p. 292-303 in "Experimental Manipulation of aane 

Expression* Xnouya* M« (ad.) todemic Press* Mow York* Tha 
mutations were confirmed by DMA sequencing. 
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Subsequent to sequence confirmation of the correct 
mutation the mutated- jm fragments iniwrtad into 
plasmid pSXSS* which was used for producing the mutants, 
g piaewid pSXfa is shown in Figure 4 and was produced by 

©leasing the Sub 30§ gene into plfcsaid p$XS& cut at Clai* 
filled in with the Klanow truant of X3K& polymerase I, and 
cat with HlndXXX prior to the insertion of the 
fragments BraX-HhaJ and ttm the cloned m « 

^ ^ To express the mutants the mutated frag»«nt» $&*3fe 
Cial, XbaZ-Kindm, or EcoBX-Shai} were «xeis«d from the 
appropriate mutation plaamid pSXtt er *SXtt», rwotiwly, 
■and inserted into }pSX93U 

.„ fte mutated psm was $»tfi used to transform B. 

eubtilis strain >Mon was then frown in 'the «*n* 

medium and under the same conditions as uead for the cloning 

of the parent gsne* 

After appropriate growth the mutated mzmm ware 

mtt recovered and purified* 
10 

eV2*4* Q™™*? STOimTY OF HOgAS? SXJB^SLiSXMS 
The mutants a} and d) vara tasted for their oxidation 
stability in 0.01 x paracstic acid after 20 minutas at $o*C 
and pH 7. The parent attain HCIB 10309 protease was used as 
* reference* 

The results are indicated in fable I¥ below t which 
presents the residual proteolytic activity in the beat 
treated sanies relative to samples untreated by oxidant or 
^ heat. 
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£«sldual Activity after 20 ain* at S0*C 
githaat oxidant v ith treidMfe— -~ 



nut*!* • §5% «* 

mutant a M% S3% 

iTilTSncISM th*t mutant 4 {Mot 332 to Ma) 
10 aupario* oxidation stability, realiive to tfaft parent «HW. 
and mutant 

Ail t3w mutants except f ) and h) have also b*« 
$e qualitatively in ioo - ppm hypochlorite At room 

2 o), d), i), and j) (all 

hypochlorite than the 

\haTteatad in a liquid detergent of to usual built 
type it m Sound that intent £> exhibited »up«rior 
•tftbiiitv oonparvd to both tit* other aat*nt» and the 




2i 6,2, SROTOfiSS^^ 

The proteolytic activity of various mutants was tested 
against casein as pretsin substrata, according to method* 
detailed supra . a® racult* are presented in Tabl® v, 
From th* table it i* saen that mutant a) «xhibit« 
30 enhanced activity compared to the p&ront* It is alao seen 
that th* K.et-222 mutants have iowr activity t&an the 
na«nt, but due to their i^mM oxidation stability their 
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application in dsfcsrsanfe compositions containing oxidants is 



gg^tg^^ Subtilising 
Relative Activity 



a) iao 

b) 100 

0) .. 30 

ft) 100 

f) 108 

1) SO 
j) 30 



Tha *a*fcability of various aut&nte was tasted against 
apinacb jttie* according to ssethoda detail «A smpra » 
3B-«««i'fc* in w®&x& vx» 

Frois the table it i« seen that all of the teatad 
autanta axhJMtsd an improved waafciag ability oomparad to 
*h« parent ansyma, and that autMsts e) f &} , 1J> aiid P are 
markedly superior * 
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futant 


Concont y& fei sn 








o.i 






£0,4 


a) 


1B.» 




b) 


16,$ 




*) 


ii.a 


23»S 


d) 


22,2 


23,4 


») 


15.4 


21*8 


f) 


16*6 


13,3 


i| 


21,6 


22,1 




20»« 


22,6 



SS% eonfi4*ne« itrfservali +0.9 

*h* thermostability of mutant t) was twsfcadl against thft 
wild type by using the wash&MUty tea* at 4S*C and 

60 »c, respectively* Tn# result* *** shown in f&M« TO. 

yrpa tte teMe it is ssen that mutant t) at 6S*c sho^a 
2S a »ttch improved washafeility compared to the wild typ& 

anssyae, whereas at 40»C th« waefcafcility of mutant t) U only 
slightly hetter than wild type mays** 
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10 ^ 
t) 





COftO«B***tiO» 










C40*C? 














IS .1 






30.4 





interval 4p,» f4Q*S) and tO. 7 C«*> 



aufefcilioln «*xm»s tfcr« oloned from the 14? and 30§ 
variant of tho &act«rium BaclXljgs i»nts&, 9xO, the olonest 
gOTS were s««M&e*4. By comparing the dsdtssad »ino acid 
«egu«nc«« of aubttUaina 147 and SOS on* with tha other and 
with a*guftnc*« of other sulbtiiisina, sites which, upon 

20 mutation, might altar the ohysical properties of the parent 
ensyna www identified. Site-direct ad mut&oanaaia was uaad 
to generate mutations* at several of these sitse in tie 
sufetiliain 309 gone. The resulting mutant anzy»«* -war* then 
escpreasad in * Bacillus strain, and taeted against various 

2§ phyeical and d&amieal parameters, Several of th« mutants 
v*r« shown to have improved jrtabUity to oxidation, 
increased protaolyfcic ability, or improved wa*hafeility whan 
ooacsrsd with parent aufetili&in 3Q§ «n»y»a. sfc»B« mutants 

_ a^bifeit properties dsairabia in ««v*e* eomcrissad in 

30 
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1, A mutant ouctilisin snsyse in which fcho amino &oid 
residua at om or sort of the positions* 

6, 9, IX-ia, W» 8$, 67, 71, 88, 111, U$» 

1.20, 131-132, 124, 12$, 131, 140, 153, 104., IBS, 158-166, 
168, 170, 172* 175, ISO* 182, 1«« U7 # 191, 1M, 195* 199, 

21*, 234-2SS, 241, 268, or 275 

is changed hy substitution with another amino acid residue, 
W or insertion or deletion of one or mora amino acid residues, 

i, *?h& mitant aubtiiisin rayn* of olaisa 1 is whiot 
cm or »» ft»i«o ««4i residues *re inserted at ono or mora 
1g of th» positions* 36, S6* IS*, or i*4«*««, 

3* The mutant subtilisin ansys&a of claim 1 In which 
th» wifiu® at position * is substituted with tyr&als** 

4, Ths mutant subfcilisin anaymo of claim X in which 

20 the r«»i4tt« at position 67 is substituted with glutamic acid 
or aspartic acid, 

5, The mutant «ubtlli«in «n«ys« of claim 1 in which 
the residua at position 68 iff substituted with cy stains or 

tS »«thionin«. 

s» The mutant »«btill»i» «n*y»« of claim 1 in which 
the residue at position 71 is substituted with asp&rtic acid 
M or glutamic acid* 

7. Ths mutant #obtiIi»ln ansyssa eg claim I in vhiefc 
the residua at position 193 is substituted with alanina. 
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8. The mutant suhtitisin engyno of claim. 1 in vhich 
me yesidus at position l*« is stshstltutsd with slanina* 

9, fhe -mxtrnt stsbtilisin «fcJsya« of claim i in which 
5 the residue at position 170 is substituted with tyrcaina* 

1.0, The mutant subtilisin <m*ya« of claim I in which 
the r«sidu« at position 175 is substitute vita isolauoina* 

il s The mutant subtilisin «»*ya« of claim 1 is which 
the rssiduo at position 195 is substituted with glutamic 
acid m asp&rtic acid, 

IS , to mutant smfetilisln «nxy»* of clai» i in vhich 
1g the residue at position %W is substituted with serine, 

iSi fhe mutant suhtiHsin «nsy»e of el*i# i in tMefc- 
ths residue at position Z%$ is substituted with awtfetionine, 

14. fhs nutant subtiliain enspsa of claim % in vhich 
20 the residua at position 275 is substituted with flutamins, 

IS* The mutant suhtillsin «wys* of claim I in vhich 
the residua at position IS is substituted with glyoin* and 
gg the residue at position 21$ is substitutsd with cysteine. 

15, Ths mutant eobtiliain snr/me ©f claim I in vhich 
the residua at position 153 is substituted with alanine and 
the residue at position 21$ is substituted with series, 

17, *b» mutant snbtilifein mmm of claim 1 in which 
the residue at position 19$ is substituted with oletsmic 



WO 



PCT/DK89/0Q002 



aoid and th* rasiduo at position 323 is substitute with 
alanine or cystsina* 

is, The mutant eubtiXiain *»8ysse of olaiss i th which 
g th* zmUm at position m i» substitute with osteins *** 
th® rssidua at position 222 is substitutsd with cysteine 

IS * The mtmt subtilisin enzyme of claim I in which 
the pa**nt «nay»« comprise an amino asid ss^enoe 
m substantially as ftpteMrt in mhl* i(o>. 

so, Th« mutant subtiXisIn my** of olaim 1 in which 
th* $&r«nt anxyaa comprises an amino acid sacpamcs 
. substaniisiXy m dspictM in Table X(d). 

' 5 21. Th* mutant subtili*ia *n*y»« of claim X In which 

the psr*nb enzyme comprise an amino aoid «««u«ne* 
substantially m depicted in Ttbls *■{•>. 

33, A mutant subtiHsin onsyma 30§ comprising th* 
amino aoid sequence substantially as <lapictad in Table X(a), 

23* Th® mutant subtilisin enisym* SOS of Claim 82 in 
which the amino aoid residue at on* or mors of the following 
positions is aohstitutM by another amino acid reeidue* s, 
28 9, 11-12, 19, 2$* 3§~38, «~*»9, «?, ?X| »»> XC4* XXX, XX3, 
120, X3X-XM, 124, 128, 131? 140, 1S3«1€8 ? X«8 , ifi$-X70, 
172, X?3, X80, 182, 186, X§3* X9X, 194, X95, XM# 8X8, 21§* 
223, 23S, 234-338, 241, 260«262 f a«S, 268, or 273* 

30 24, Ths mutant sufetilisin snspse 369 of Claim 22 in 

which an amino acid is inserts at one or mora of tha 
following positions: 36, $$, 159 or 164-166* 
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as, *h* autunt mmiium *a*P* W of elate S3 in 
which the tryptophan r«*idu« at position 6 is substituted 
with. tyrosina* 

5 26. The mxtont aufctiXiiin s«*y®« 309 of Olaia 23 in 

Which &* tiistidin* r»8i<»i* «« position *? is substitute 
with glutamic said or aspartis acid. 

37, The wxtmt *abtiU*i» «nxyssft 30» ©f Claim 23 in 
M which tha valiWB residue at pasitisn ss is *uto»titttt«d with 

28* Th% mutant ««btUi«ia «tt«yae 369 of al&im 23 in 
which the ttoonina residua at position 7% is sWtituW 
tB with aapsrtic acid or glutamic aoid* 

2f> mutant aufeiiliein tnsysw 309 of Claim 23 i». 
which tl*e saris** resiaua at position 113 is substituted with 
alanine. 

30. fha mutant eisMUiain mz$m W$ of Claim 23 in 
which th« prolix residue at position m is substitutad 
with zlmtm* 

31« The mutant aubtiiisin *»s;ya« 3Q9 of Slaim S3 in 
which tbft ayginin* residue at position 170 is smhstituiad 
with tyrosine, 

32* Tha mutant subtilisin *nxya* 309 oS Olai® 23 in 
which ths methionine residua at position 175 is substituted 
with UoUuoiM. 
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33 , The mutant aufetUiain «nssy»« 30§ of ciain a 3 in 
which tha gXycina raaid»a at position iS5 is sufestitutad 
with flutamie *aU W aspartia icli, 

34, ^ho wtwt a%sbtilisin m*&** 3D§ of Claim 23 in 
which tb» mmmm at K»it£«n *** ig .ubstitutad 
witt serine* 

35, Tha jautant eubtilisin ans^a 30* of Claia S3 In 
10 which th* glycina raaidu* at position 819 ia auteatifcutad 

1 with msthionina, 

M mm mutant subtiXisin ana^a 309 of Claim 23 in 
which m mthlmim reaidua at position 2*2 ia substituted 
1§ with eyatalisa or alanine* 

37. Ths mutant aubtiliain anapia 309 of Claim ii in 
which tfca arfinina witM at position m ia aubstitutad 
with fititasdna, 

29 33, Th* mutant aubtiliain anzyna 30* of Claim as In 

which the atfinine residua at position 19 is aufeatituted 
with glycine and tha glyelaa rssidua at position 3X§ im 
auteafcitutad with cyataina, 

2S 39, Tha autanfc eubtiXiain 309 ot Claim 23 in 

which tha sarina residua at position X53 is substituted with 
alanine and the aaparaoina residua at position 313 ia 
substituted with eerina* 

S ° 40 s the nutant aubtiliain anopsia 3S§ of Claim S3 in 

which the fX^cina residue at petition 195 ia substituted 



with glutamic acid and the methionine residue at position 
a is substituted with alanine or cysteine. 

41. The mutant eubtiliein ensyme 309 of claims 23 in 
9 vMoh the glycine residua at position 219 is substituted 
with cysteine and the methionine residua at position 2a 2 ie 
substituted with cysteine. 

4a, A mutant aubtiliaio ensyme 14? comprising the 
?Q amino acid sequence substantially as depicted in Table I{b}« 

43* The autant subtil is in enzyme 14? of Claim 42 in 
whieb the amino acid residue at one of the following 
position*, is substituted by another siaino acid residua i 6, 
• 1§ $, 11-12, 19, 28, 3«-3e, $3-59, «?, 71, 111, 115, 120, 

121-1M, 124, 138, 131, 140, XS3~i5S f 168, 169-170, 172, 
175, ISO, IS2, 186, IS?, 191, 194, 105, 199, 21$, 21S, 22a # 
226, 234-23S, 241, 260-2S2, 2S5, 26$ or 275* 

2Q 44. The autant subtllisin en*ya* 147 of claim 4a in 

which an amino acid is Inserted at one of the following 
positional 1, 36, 159 or 164*166, 

45 x The mutant subtilisln ensyma 14? of Claim 43 in 
m which the tryptophan residue at position 5 is substituted 
with tyrosine. 

46, the mutant subtilisin enssyssa 147 of Claim 43 in 
which the histidine residue at position 67 is substituted 
§ with glutamic acid or aspsrtic acid. 
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4?* TM mutant subtilisin ansyjaa 14? of Claim 43 in 
which the valine raai&ua at position 68 is substituted wifeh 
cysteine or methionine 

I 48. 3Sh« mutant «ubtiii»in wtxyfea 147 paf claim 43 in 

which thft thsraonina residue at position 71 i* substituted 
with aonartic acid or $Iat*»ie a$M. 

4f * q?h« mutant aubtilisln mnym® 14? of claim 43 lis 
10 which the alanine r«aidu« at position 153 Im itUbstituM 
with ««rin», 

50, Sh* mutant aubtlliain anspts 147 p$ Claim 43 in 
which tha nrolino reaislua at position 163 i« substituted* 

n with alanine* 

51, >?ha mutant euhtiiisin uuyam 147 of Claim 43 in 
which the arginine swiidu* at position 173 is? substituted 
with tyrosine, 

m 

S3, *h« mutant *ubtUi»i» «ngy»« 147 of Claim 43 in 
which tha mathionina residua at position 175 is substituted 
with isolsuoins. 

g§ S3, Ths autant subtiliain anspi* 147 of Claim 43 in 

which tha glutamic acid raid** at position 195 is* 
substituted with glycine or aspartis aoM. 



S4* The mutant subtiliain etuyae 24? of claim 43 in 
which tha sarins residua at position 318 is substitute with 



WO 89/06279 



PCT/DK89/00002 



S§* Tho mutant subtil isin etHsyjse 14? of Claim 43 In 
which the glyoina residua at position SIS is aufestitutaa: 
with methionine 

g M* muta&t suotilisdn an*yaa 147 of claim 43 in 
which the aathionina rasidua at position 222 is aubstltutscl 
with eyatsins or aianin** 

$7. 3%a mutant aubtUiaia *&tfm Uf of Claim 43 in 
which tha glutamina raaitSua at position is substituted 
with arginina. 

S$ 4 fha mutant subtiXisis auspna 147 of Claim 43 in 
Which tha *$£ Mim residua at position lg |« subatittitad 
^ with ■ fiycfein* and tha glycine residua at position Sis ia , 
substituted with ©yataiaa. 

59, Tha mutant jsuhtilisln ansya* 14? of Claim 43 is 
which the alanine rasidua at position 153 is substitute 
^ with sarins assd tha sarins residua at position a is is 
substituted with asparagina, 

6;©« Tha mutant subtXlisln aaxyma 14? of Claim 43 in 
which the glutamics acid residue at position tm la 
^ substituted with glycina and tha methionine raaidua at 
position 3 S3 is substituted with alanine or cysteine, 

#1* fha mutant auhtiiisin anzysa 14? of Claim 43 in 
which th* glycine residua at position, a 19 is substituted 
m with cysteine and the methionine raaioue at position 332 is 
subatitufcad with cyataina. 



62, A recombinant SNA jsolas^la comprising all or part 
of « nuclaotid* mqa&mB sowing for a subtil lain ansyaa 
cosjpiriaiiiSf an amino aoid aaguanca «ubatantiaUY a® depiotsd 
la falls 

€3. A mmmimm Wh mlmvil® ®om$U&m «r P^rfc 
of a »w&«0&*6 aaquanca coding for a aubtilisin mm® 
comprising an aaino acid aaquonaa aubstantiaily as d*p£ot*d 
in Tatslo t(j»)-. 

S4 , A reooabinant isolaeisla comprising all or part 
of a nucleotide s«<g»artc* codling tor the *abtili«in $6ft 
^xsnft gena «ubetanfci«ily a* dopictad in fafela XI* 

61, & raoos&inant Wk aeUcul* oompriainf: AW or part 
of a nucXaotida aeguenca costing for tha imbtiUain 14? 
anysmo gons substantially aa dapiotad in TaM« tit* 

. Th« rsco^inaht &#A molacule of olain S3 or 64 in 
whioh tha msciaio sold aeguene* haa pmn altered aucn that 
tha eorraspondirsg amino aoid reaidua at ona or mart of tha 
positional 

6, 11-12 > if* 29, 36-38, 53-50, 67, 71, 69, 104, Ml, 
115, 12b, 121*122, 124, 128, 3, 40, 53-16** 16ft, 1S$KX78, 
172, 175, ISO, 182* 186, 187, 101, 1*4, If 6, 199, 210, SIS, 
222, 226, 234-23S, 241, 260-263, 265, 2€S »;£ 271 
is changed by substitution with another a&ino aeid rassidue, 
or insertion or delation of on* or aw® amino aoid x«»idu»», 

67, Tha re-coabinant saolecula of el«i» 63 or 6S in 
which tha nuoloia acid aagtsanoa has boon altarod smeh that 
th® corresponding amino acid zmitim» at o»« or sor# of th* 
positions* 
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fi, 9, 11-13, 10, 23, 36-38, «? , 71, §0, 104 » 111, 

115; ISO, 121-122, 134, 12ft, 3, 40, 168, 1S8-17Q, 

172, 175, 180, 182, 18« ( 187, 1S1 # 194, 195, 1§2 ? 318, 212, 
223, 22$, 234-238, 241, JNHKM53> 2§g f 26t 03? 275, 

g i« change* &^ substitution vmi m®$hm mtm told re»i<ttt«, 
or to«tion ot mmim m $m m mm mim aei4 mnMmm, 

€8, 3%« rseos?Mo&«f Dm »Xoaulo of 63 or « in 

mioh thm jaielaie &ci& mmmc® hm hmn slterM &o »a to 
10 inmrt one ©r more «mimo &oi£ staidues at on& or max* of th« 
positions t 3§, as, 1SS, or JW4-1W. 

6f ■« rooombin&ot MA moloo«l& of oX&iis €3 or ■$$ in 

wttiofe Mfi nucule aeid Mqp«ne# &&ts 4it«r«& m m to 

^ insert one or .more amino acid residues at one or s»or» of t&« 

positions? M f m t is§, or M4«*i«i* 



m* Use of a roeoaninant MA »ol*$al« of any of th* 
4Uizu «2 to it for the promotion of a •ubtlli.in «nsp». 

SO 
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